Introduction
Lake Kivu, located between Rwanda and the Kivu Province (Democratic Republic of Congo), is the smallest of the East African Great Lakes. It is a deep (max. 489 m), meromictic lake, with an oxic mixolimnion up to 60 m, and a deep monimolimnion rich in dissolved gases, particularly methane (TIE-TZE et al. 1980 , SCHMID et al. 2005 . It is also the sole natural lake in which Limnothrissa miodon Boulenger, an endemic sardine from Lake Tanganyika, was introduced to fill an empty niche (COLLART 1954 , SIMBERLOFF 1995 . Indeed, prior to the introduction, no planktivorous fish was present in the pelagic waters of Lake Kivu.
Recent studies have confirmed the oligotrophic status of Lake Kivu: with an annual average chlorophyll a in the mixed layer of 2.2 mg m -3 and low nutrient levels in the euphotic zone, it combines a relatively shallow euphotic layer (~18 m), usually smaller than its mixed layer (20-60 m), with a weak thermal gradient in the mixolimnion . The most common phytoplankton species are the pennate diatoms Nitzschia bacata Hust. and Fragilaria danica (Kütz.) Lange-Bert., and the cyanobacteria Planktolyngbya limnetica (Lemm.) Komárková-Legnerová and Cronberg, and Synechococcus sp. (SARMENTO et al. 2006 , 2008 .
A survey in Lake Kivu covering the vertical and temporal variations of phytoplankton was carried out during [2003] [2004] [2005] , with a large number of plankton primary production measurements and assessment of phytoplankton nutritional status by seston C:N:P ratios.
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Material and methods
Water samples were collected at Ishungu pelagic station (Southern basin) twice a month from January 2003 to June 2005 at 10-m intervals in the 0-100 m water column using a 6-L Van Dorn bottle. For each sampling depth, 3 L of water were filtered on GF/F and immediately frozen for high-performance liquid chromatography (HPLC) pigment analysis. Three L of water from a pool of the upper 20 m of the water column were also filtered on pre-ignited GF/F filters for elemental carbon (C), nitrogen (N) and phosphorus (P) analysis. Chlorophyll a (Chl a) and biomass of the different algal groups was achieved by HPLC pigment analysis and CHEMTAX treatment as described in SARMENTO et al. (2006) Primary production rate was determined in 21 field incubations ( 14 C incorporation following STEEMAN-NIELSEN 1952) . Twelve supplementary incubations were made during the study period in pelagic stations of North, West, and East basins of Lake Kivu. Eighteen 120-mL glass bottles filled with water from a pooled mixolimnion sample were incubated with NaH-14 CO3 in situ just below the surface. Duplicate sets of bottles were placed in a 9-case incubator at mid-day for 1.5 h, providing a range from 0-60% of natural light energy. Radioactivity was measured using a Beckman scintillation counter (LS 6000 SC) with Filter-Count (Packard) as scintillation cocktail and the external standard method for quench correction. Photosynthesis parameters were determined following VOLLENWEIDER'S (1974) equation. Vertical light attenuation coefficient was estimated by Secchi disk disappearance depth and subsurface and submersible quantum Li-Cor sensors. Irradiance was measured throughout the study period using a Davis Weather Wizard III station light sensor (Davis Inotek Instruments, Baltimore, USA) located in the city of Bukavu. Those data were converted to PAR using a correction factor determined by comparison with several Li-Cor sensor irradiance measurements. Daily depth-integrated primary produc-
) was calculated using photosynthesis parameters, continuous surface irradiance data, and vertical light attenuation (KIRK 1983) . Annual primary production (g C m -2 y -1 ) was estimated by multiplying the mean daily primary production by 365.
Particulate C and N were analyzed in 41 integrated samples from the upper 20 m of the water column, using a Carlo-Erba NA1500 elemental analyzer. Particulate P was analyzed by spectrophotometric determination of phosphate after digestion with potassium persulphate and boric acid (VALDERRAMA 1981) . The elemental ratios were expressed as the mean ratio in molar units of the different sampling dates.
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Results and discussion
In the upper 60 m of the water column (roughly corresponding to the maximal mixolimnion depth), Chl a ranged between 0.63 and 3.00 mg m -3 (average 1.37 mg m ). Diatoms were the dominant group in the lake, particularly during the dry season episodes of deep mixing. During the rainy season, the stratified water column, with high light and lower nutrient availability, favored dominance of cyanobacteria, as discussed in SARMENTO et al. (2006) .
The mean values of the photosynthetic parameters for the estimation of primary production were 3.51 µg C µg Chla -1 h -1 for the P B max and 285 µE m -2 s -1 for the Ik at Ishungu station. These values were obtained from 21 incubations distributed along the study period (Fig. 1) . Mean daily primary production estimated from our measurements was 0.62 g C m by DESCY 1990).
Comparing these values with other numbers found in the literature for other East African Great Lakes, it seems that primary production in Lake Kivu is higher than in lakes Tanganyika or Malawi (Table 1) , but not as high as we could expect from the differences observed in algal biomass. Chlorophyll a in Lake Kivu (2.12 mg m . Primary production in Lake Kivu is, on average, only 1.5 times higher than that of Lake Tanganyika, and 1.35 higher than that of Lake Malawi (Table 1) . This suggests some differences in terms of trophic structure between these lakes (discussed later in this section) that affect the fate of phytoplankton biomass.
Following elemental thresholds defined in the literature (HEALEY 1975 , GUILDFORD et al. 2003 , the sestonic C: N:P ratios clearly indicated a moderate N-limitation and a Fig. 1 . Chlorophyll a (shadded area) and primary production (dots) in the Southern basin of Lake Kivu (2003 Kivu ( -2005 , with indication of the rainy and dry seasons. severe P-limitation, specially during part of the rainy seasons (Fig. 2) . The comparison of these values with those found in the literature (Table 2) for the other East African Great Lakes indicates a stronger nutrient limitation in Lake Kivu. The relatively high C:P and N:P ratios point to co-limitation by N and P.
Combined, this information suggests that P demand by the relatively abundant phytoplankton in Lake Kivu is often in excess of P supply to the epilimnion. Parallel studies ) have suggested a low efficiency of trophic transfer at the phytoplankton-zooplankton interface. Part of the explanation may be that a significant part of the phytoplankton biomass (more details on algal biomass and composition in SARMENTO et al. 2006 SARMENTO et al. , 2007 is inedible for metazooplankton. Moreover, the zooplankton study by ISUMBISHO et al. (2006) showed that current mesozooplankton biomass in Lake Kivu is much lower than in lakes Tanganyika and Malawi. Mesozooplankton structure is also different: it comprises 3 species of cyclopoid copepods and small cladocerans, and a major grazer is missing. This niche was occupied by a Daphnia species, which disappeared as a result of the introduction of the planktivorous sardine Limnothrissa miodon (DUMONT 1986) . The hypothesis of low trophic efficiency in Lake Kivu might result from zoo-and phytoplankton structure, an might explain why fish yield is low in this lake, when compared to other systems where the Tanganyika sardine was introduced (ROEST 1999) . The fate of primary production not grazed by the mesozooplankton is to fuel the microbial food web in the mixolimnion, or to settle to the anoxic zone and to the lake sediment. 
